Rice stem was treated with subcritical water at 260ºC for 0-20 min. The extracts treated for 5 min were subject to re-treatment for 0-60 min. In the further treatment, the total phenolic content, total carbohydrate content, radical scavenging ability, and metal chelating ability decreased with extended treatment time. Tyrosinase inhibition ability, however, did not depend on the treatment time. There were correlations between the total phenolic content and radical scavenging ability and between the total carbohydrate content and metal chelating ability under any treatment conditions.
Introduction
The 8 million tons of rice production in Japan was reported in year 2011 [i] . This brought about a million dry tons of agriculture residues, most of which is straw.
Rice straw is treated as an agricultural waste and subject to burn or soil incorporation. Those two methods of disposal are considered to be undesirable to public health and environment [1, 2] . Though other applications for rice straw have been proposed, the used quantity is still small compared to the produced amount. Rice straw consists of cellulose, hemicellulose, lignin, and other minerals. Phenolic compounds in rice straw, which are crosslinked with lignin in the cell wall structure [3] , may have potential usages for their antioxidative abilities.
Water, which maintains its liquid state under a pressurized condition at temperature ranging from 100 to 374℃, is called subcritical water or compressed hot water. Its dielectric constant decreases to match that of organic solvents, and its ion product increases to over 1×10 3 fold greater than that of water at room temperature [4, 5] .
With those properties and decreases in surface tension and viscosity, subcritical water has the ability to dissolve hydrophobic and hydrophilic substances, thus shows the ability to hydrolyse hemicellulose, lignin, and amorphous part of cellulose [6] [7] [8] . Though subcritical water has been extensively used as an extractant, decomposition of the extracted substances simultaneously occur during extraction [9] [10] [11] . The decomposition involves many reactions such as hydrolysis, thermolysis, and oxidation.
Therefore, subcritical water is not only expected to extract the substances, but also to yield other beneficial substances via hydrolysis and decomposition [12] .
This study is aimed towards the effects of treatment time during subcritical water treatment on the properties of the rice stem extract. The re-treatment of the extract was also employed to understand the effect of subcritical water treatment on the properties of the extract without extraction. The total carbohydrate and phenolic contents, radical scavenging ability, metal chelating ability, tyrosinase inhibition ability, and antioxidative ability of the extract against autoxidation of linoleic acid were measured.
Materials and Methods

Materials
A rice straw (Oryza sativa) sample was collected in Hyogo Prefecture, Japan. The sun-dried rice straw was kept at 4℃ in a storage room. The stem was separated from the leaves and cut into 1-cm long pieces.
L-Ascorbic acid (purity>99.5 ％ ) was purchased from Nacalai Tesque (Kyoto, Japan). Gallic acid and tyrosinase from mushroom were from Sigma-Aldrich Japan (Tokyo, Japan 
Subcritical water extraction
Extractions were done in a 117-mL SUS-316 stainless- 
Total phenolic content
A 100-µL sample of the diluted straw extract was placed in a test tube with 400 µL of freshly prepared Folin-Ciocalteu reagent and 1 mL of 75 g/L sodium carbonate [14, 15] . Volume of the mixture was adjusted to 5 mL by filling distilled water, and then the mixture was placed in the dark at room temperature for 2 h to complete the reaction. Absorbance at 765 nm was measured using an UV-1200 spectrophotometer (Shimadzu, Kyoto). The amount of phenolic compounds in the extracts was compared with that of gallic acid and was expressed as gallic acid equivalent (mg-gallic acid/ g-straw).
Total carbohydrate content
Carbohydrate content of the extract was measured by phenol-sulfuric acid method with some modifications [16] . One milliliter of the diluted extract was mixed with a 25-µL aliquot of an 80％ (w/w) aqueous phenol solution and 2.5 mL of sulfuric acid in a test tube. After placed at room temperature for 10 min, the test tube was put in a 30℃ water bath for another 10 min. Absorbance at 490 nm was then measured. The total carbohydrate content was calculated using glucose as standard.
Radical scavenging ability
A 4-mL sample of the diluted rice straw extract and 1 mL of 0.5 mmol/L DPPH in ethanol were mixed in a black tube, which prevents the light to avoid side reactions. After agitation, the mixture was left for 20 min at room temperature. The remaining radical quantity was calculated based on the absorbance measured at 516 nm.
The percentage of radical scavenging ability was calculated as follows [17] :
where A is the absorbance of the DPPH, B is the absorbance of the mixture of sample and DPPH, and C is the absorbance of the diluted sample without DPPH. The radical scavenging ability was defined as the necessary amount of the extract to reduce the DPPH concentration by 50％ .
The ability was compared with that of L-ascorbic acid (VC) and expressed in mmol-VC/g-straw.
Iron (II) chelating ability
The chelating ability was measured by the modified method of Carter [18] . A 500-µL sample of the rice stem extract was mixed with 25 µL of 1 mmol/L FeCl 2 ·4H 2 O and 425 µL of distilled water. The mixture was left for 1 min at room temperature, and then was mixed with 50 µL of 5 mmol/L ferrozine. After being left at room temperature for another 10 min, the mixture was centrifuged at 3000 rpm for 5 min. 
Tyrosinase inhibition ability
The tyrosinase inhibition ability was measured accord- 
HPLC analysis
The extract was analyzed by HPLC using an LC-10AD
HPLC pump (Shimadzu) equipped with a Hydrosphere nm, which probably indicates various phenolic substances originating from lignin [13] . Hence, the absorbance at 280 nm of the effluent was recorded.
Statistical analysis
All the experiments were done in triplicate. The results obtained were analyzed by using Microsoft ® Excel 2010 with a two-way analysis of variance (ANOVA). The standard derivations for total phenolic content, radical scavenging ability, tyrosinase inhibition ability, total carbohydrate content, and metal chelating ability were about 11.6％ , 16.9％ , 11.5％ , 15.3％ , and 13.6％ , respectively. Cellulose and hemicellulose were hydrolyzed to shorter poly-, di-, or monosaccharides, and the resulting saccharides would be further decomposed [5, 7] . Decomposition of these saccharides is, therefore, the reason for decrease in the total carbohydrate content in the extract after elongated treatment time. Metal chelating ability also decreased gradually with increasing treatment time.
Results and Discussion
Effects of treatment time on the properties of the extracts
This was in similar tendency to that of the total carbohydrate content, and there was a linear correlation between them (R 2 ＝0.94). Carbohydrates are potential ligands to metals, and their chelating ability would come from the interactions with iron to form complexes through deprotonated hydroxyl groups [29, 30] .
Properties of the extracts after re-treatment
The extracts obtained at a treatment time of 5 min were subject to further treatment in subcritical water.
During the treatment, the time required to reach the desired treatment temperature is defined as heat-up time. Generally, the heat-up time of ca. 36 min was needed to reach 260℃. The extract without re-treatment obtained just after reaching the desired temperature had the highest total carbohydrate content, and its total phenol content was not statistically different from those obtained with increasing treatment time (Fig. 1) . This would suggest that the extraction would already occur during the heat-up period. The total carbohydrate and phenolic contents of the extracts obtained without re-treatment at 5 min (Fig. 1) were compared with those of the extracts with re-treatment obtained just after reaching the desired temperature (Fig. 2) , and they were not statistically different (p<0.05). Hence, it suggests that the heat-up time for the re-treatment would have negligible ef fect on the proper ties of the rice stem extract.
In Fig. 2 , the total phenolic content in the extract decreased with increasing re-treatment time. In subcritical water, it has been reported that lignin in rice stem is hydrolyzed into phenolic compounds, and the resulting phenolic compounds are fur ther decomposed to degraded products [20, 21] . It has also been reported that the major phenolic compounds, which are p-coumaric acid, p-hydroxybenzoic acid, ferulic acid, and vanillic acid [23, 24] , are rapidly decomposed in subcritical water [27, 28] , and they would become smaller phenols, which are more stable under subcritical condition. The radical scavenging ability also decreased progressively with extended treatment time. The total phenolic content and the DPPH radical scavenging activity showed strong linear correlation (R 2 ＝0.95). This would suggest that the decomposed products from phenolic compounds would not possess the DPPH radical scavenging ability.
The extracts submitted to further treatment for 0, 20, 40 and 60 min were chosen for HPLC analysis at 280 nm.
The HPLC chromatograms for the extracts exhibited two major peaks at retention time of ca. 16 min (Fig. 3) .
These two major peaks decreased with increasing treatment time. However, the minor peaks materialized between ca. 18-22 min were stable. The decrease of the major peaks can be explained by the total phenolic content, which decreased rapidly at the beginning and became steady at longer treatment time. Most of the phenolic compounds in the rice stem extracts showed their The symbols are the same as in Fig. 1 . peaks, when the concentration of methanol in the mobile phase was at 51％ . This suggests that the phenolic compounds in rice stem have moderate polarity.
The treatment time negligibly affected the tyrosinase inhibition ability of the extracts. It was reported that p-coumaric and feruric acid derived amides, which were obtained by coupling reactions, also possess the ability to inhibit tyrosinase activity [31, 32] . The black melanin was caused by transformation of L-tyrosine to ortho-dopaquinone. This transformation occurs in two steps: hydroxylation of L-tyrosine to L-dopa, and then oxidation of L-dopa to ortho-dopaquinone [33] . In the re-treatment, the free radical scavenging ability of rice stem decreased, while its tyrosinase inhibition ability was being steady. This may suggest that the tyrosinase inhibition ability of rice stem extract did not involve the inhibition of catalytic reactions of L-dopa to ortho-dopaquinone caused by tyrosinase.
The total carbohydrate content and the metal chelating ability almost linearly decreased with increasing re-treatment time and showed a strong correlation between them (R 2 ＝0.86). However, the metal chelating ability disappeared after 20 min of re-treatment time. In subcritical water, carbohydrates are decomposed [5, 7] , and the longer reaction time would result in the formation of more degraded products. The disappearance of metal chelating ability after 20 min of re-treatment would mean that the degraded products from carbohydrate do not possess the metal chelating ability.
Conclusions
The long-term treatment and re-treatment resulted in decrease in the total phenolic content, total carbohydrate content, radical scavenging ability, and metal chelating ability of the rice stem extracts. However, the tyrosinase inhibition ability of the extracts did not decrease with increasing treatment time. This would indicate that the degradation products possess the ability to inhibit tyrosinase activity. Therefore, the short-time treatment would be more suitable for obtaining carbohydrate and phenolic compounds with higher contents from rice stem using subcritical water at 260℃.
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